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Acute effect of nephrotoxic serum on renal sodium transport
in the dog
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Acute effect of nephrotoxic serum on renal sodium transport in the
dog. In order to study the tubular mechanism for salt retention in
acute proliferative glomerulonephritis, clearance and micro-
puncture experiments were performed on nine volume-expanded
dogs before and after injection of sheep anti-dog glomerular base-
ment membrane (GBM) antibodies (nephrotoxic sera [NTS]). His-
tologic sections obtained two hours after NTS injection following
completion of the functional studies demonstrated infiltration of
glomerular tufts by polymorphonuclear leukocytes, swelling of
both glomerular endothelial and mesangial cells and the mesangial
matrix, and linear anti-GBM antibody deposits along the glomeru-
lar capillaries. There was an almost immediate reduction in gb-
merular filtration rate (GFR), filtration fraction, urine flow and
absolute and fractional sodium excretion; arterial blood pressure
and renal plasma flow were not significantly altered. Micro-
puncture studies revealed no change in fractional sodium reabsorp-
tion in the proximal tubule despite a fall in single nephron
GFR. A proportional reduction in single nephron and kidney
GFR coupled with an unchanged intrarenal distribution of blood
flow following NTS suggests a relatively uniform effect on both
superficial and deep nephrons. In contrast to the well-preserved
glomerulotubular balance in the proximal tubule, fractional distal
sodium reabsorption was significantly increased as reflected by the
decreased fractional urinary sodium excretion. We conclude that
salt retention and low fractional urinary sodium excretion ob-
served in acute glomerulonephritis could be primarily due to re-
duced distal delivery of sodium which leads to increased fractional
sodium reabsorption in the nephron segments distal to the prox-
imal convoluted tubule.
Effect immédiat du serum nephrotoxique sur le transport renal du
sodium chez le chien. Afin d'étudier le mécanisme tubulaire de Ia
retention du sodium dans Ia glomerulonéphrite aigue proliferative
des experiences de clearance et de microponction ont été realisées
chez neuf chiens au cours d'une expansion des liquides extra-
cellulaires avant et après l'injection d'anticorps anti membrane
basale (GBM) de chien obtenu chez Ic mouton (serum néphro-
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toxique [NTS]). Les coupes histologiques obtenues deux heures
après l'injection de NTS et après Ia réalisation des etudes
fonctionnelles mettent en evidence l'infiltration du capillaire gb-
mérulaire par des leucocytes polymorphonucléaires, Ic gonflement
des cellules endothéliales, des cellules mésangiales et de Ia matrice
mésangiale et des dépôts Iinéaires d'anticorps anti-GBM le long
des capillaires glomérulaires. II existe une reduction presque im-
mediate du debit de filtration glomerulaire (GRR), de Ia fraction
filtrée, du debit urinaire et de l'excrétion absotue et fractionnelle du
sodium; Ia pression artérielle et le debit plasmatique renal ne sont
pas sigriificativement modifies. Les microponctions indiquent
l'absence de modification de La reabsorption fractionnelle de so-
dium dans les tubes proximaux malgré une diminution du GFR
individual des néphrons (SNGFR). Une reduction proportionnelle
de SNGFR et de GFR contemporaine d'une distribution intra
rénale du debit sanguin inchangée après NTS suggère un effet
relativement uniforme sur les néphrons superficiels et profonds.
Contrastant avec une balance glomerulo-tubulaire intacte dans be
tube proximal, Ia reabsorption fractionnelle distale du sodium est
significativement augmentée, ce qui est traduit par Ia diminution de
l'excrétion fractionnelle du sodium. Nous concluons que Ia réten-
tion de sodium et al faible excretion fractionnelle du sodium ob-
servées dans Ia glomerulonephrite aiguë pourraient être dues a Ia
diminution de Ia charge de sodium délivrée aux regions distales cc
qui conduirait a une augmentation de Ia reabsorption fractionnelle
dans ces segments.
Salt retention is one of the prominent features of
patients with acute glomerulonephritis and fre-
quently leads to edema and hypertension [1, 2]. The
mechanism by which the alteration in renal sodium
transport occurs in this condition is still poorly un-
derstood. The available studies in the literature utiliz-
ing animal models with experimentally induced renal
disease deal mainly with the chronic effect of reduc-
tion in nephron population on renal handling of so-
dium [3-I 1]. These studies have shown that the func-
tional adaptation for sodium transport in response to
a reduction in renal mass is similar in the chronic
glomerulonephritic, pyelonephritic and remnant kid-
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ney models [3, 5, 7, 9, 10]. The increased fractional
sodium excretion observed in these chronic models is
in contrast to the salt-retaining nature of acute
glomerulonephritis and, indeed, Wagnild and Gut-
mann [12] have shown a reduced response to extra-
cellular volume expansion in the early phase of neph-
rotoxic glomerulonephritis in the dog. We as well as
others [13, 14] have observed that nephrotoxic serum
(NTS) in dogs produces pathologic changes similar
to acute proliferative glomerulonephritis in patients
within one to two hours following injection. This
provided us with an opportunity to perform micro-
puncture studies on the tubule mechanism of the
altered sodium transport in kidneys with acute
glomerulonephritis. Despite prominent falls in single
nephron and kidney glomerular filtration rate
(GFR), glomerulotubular balance in the proximal
tubule was well maintained. There was reduction in
fractional and absolute sodium excretion in the urine
which was the result of reduced distal delivery and
enhanced fractional sodium reabsorption in the
nephron segments distal to the late proximal tubule
micropuncture site.
Methods
Clearance and micropuncture studies were per-
formed on nine female mongrel dogs, weighing 12 to
20 kg, before and after injection of NTS, NTS was
produced by repeated immunization of a sheep with
collaginase-solubilized dog glomerular basement mem-
brane (GBM) in incomplete Freund's adjuvant.
Dog GBM was isolated using a modification of the
method of Krakower and Greenspan [15]. After the
sheep began producing anti-dog GBM antibodies as
demonstrated by indirect immunofluorescence tech-
niques, sheep serum was harvested at biweekly inter-
vals until the sheep died of uremia. The serum was
pooled and extraneous antibodies were eluted by re-
acting with washed dog red blood cells. The potency
of the NTS was only empirically quantitated.
All dogs were placed on standard pellet dog food
with free access to water and food until the morning
of experiments. The animals were prepared for mi-
cropuncture as previously described [16]. In brief,
under pentobarbital anesthesia and maintenance of
adequate respiration with a Harvard respirator, the
jugular, foreleg and femoral veins were cannulated
for fluid infusion and blood sampling, and a femoral
artery was cannulated for monitoring blood pressure.
Both ureters were catheterized with PE-160 poly-
ethylene tubing for collection of urine from each
kidney. The left kidney was exposed for micro-
puncture with the main renal artery cannulated with
a 27-gauge needle for injection of lissamine green.
Immediately prior to the experiments, all animals
received an i.v. infusion of modified Ringer's solu-
tion (containing Na, 145; K, 4; Ca, 3; Mg, 1.5;
Cl,128.5; and HCO3, 25 mEq/liter) at a rate of 24
mi/mm until the infused amount reached 7% of body
weight. Clearance and micropuncture experiments
were carried out in two phases. During the first phase
or control collection, the volume-expanded state was
maintained by a sustaining infusion of Ringer's solu-
tion adjusted to replace the urine loss. In the second
phase, NTS was injected i.v. in a dose of 0.7 to 1.0
mi/kg, diluted in Ringer's solution to 50 ml and given
over a period of 5 to 15 mm. One hour was allowed
before micropuncture sampling was resumed to en-
sure stabilization of urine flow. The sustaining in-
fusion of Ringer's solution was continued at the same
rate during the second phase. Since the urine flow
rate decreased following NTS, there was further ex-
pansion of the extracellular volume.
Late or the last accessible segments of the proximal
tubule were selected for micropuncture by injection
of 5% lissamine green, 0.1 to 0.2 ml, into the renal
artery and timing the appearance of the dye to the
surface tubule. A long block of colored castor oil was
positioned immediately distal to the puncture site to
prevent retrograde collection of tubule fluid and to
allow timing of fluid collection for determination of
single nephron GFR. In order to circumvent the pos-
sible introduction of error when measuring single
nephron GFR by the re-collection micropuncture
technique [17], tubule fluid samples were collected
from unpunctured tubules in the second phase, and
mean values of micropuncture data from each phase
were used for comparison. By selecting late proximal
tubule sites, we were able to obtain reproducible
mean tubule fluid-to-plasma (TF/P) inulin ratios for
the two phases in the control animals. Simultaneous
standard clearance collections with 15-mm periods
were also carried out throughout the experiment and
the blood samples were drawn midway through each
period.
Tubule fluid volume was measured in a 1 1 con-
stant-bore glass capillary (Microcap Disposable Mi-
cropipettes, Drummond Scientific Corp., Broomall,
PA) filled with colored mineral oil. The length of
fluid column was determined using a measuring mi-
croscope (Gaertner Scientific Corp., Chicago, IL).
Tubule fluid samples were analyzed for inulin by the
ultramicrofluorometric method of Vurek and Pegram
[181. The plasma and urine samples were analyzed for
inulin and para-aminohippurate (PAH) by auto-
analyzer methods [19, 20], sodium and potassium by
flame photometry, and plasma protein and albumin
by a modification of auto-analyzer methods [21].
Acute effect of nephroloxic serum 245
The intrarenal distribution of blood flow was esti-
mated in three dogs by injection of radioactive micro-
spheres, 15 + 5 tm in diameter (3M Company, St.
Paul, MN). Approximately 600,000 microspheres la-
beled with either 85Sr or '41Ce, 15 to 20 tCi, were
suspended in 1 ml of 10% dextran and injected over
ten seconds through a catheter positioned at the base
of aorta via the femoral artery. One isotope was
injected midway through the first and the other mid-
way through the second phase. At the completion of
the experiments, both kidneys were removed and a
section of the entire layer of cortex, approximately 1
cm2 in cross-section, was taken from each kidney.
The cortex was further sliced into four equal zones
numbered I to 4 from the surface to the cortico-
medullary junction. The radioactivities for 85Sr and
'41Ce were counted for ten minutes in a scintilla-
tion spectrometer (Packard Auto-Gamma, Pack-
ard Instrument Co., Inc., Downers Grove, IL). Six
point five percent of "Sr counts were subtracted from
'41Ce counts to correct for crossover. The percentage
intrarenal distribution of blood flow to each cortical
zone was calculated by dividing the counts per gram
of wet tissue in the respective zones by the total
counts per gram for all four zones. The data from the
two kidneys were comparable, and therefore pooled.
Kidney tissues from several dogs were obtained at
the end of the experiment for histopathological stud-
ies by light, immunofluorescence and electron
microscopy. For light microscopy, 2 tm sections
of the paraffin-embedded tissue were stained by
hematoxylin-eosin and periodic acid-Schiff reac-
tion. Frozen tissue sections were stained with fluo-
rescein isothiocyanate-labeled antisera (Cappel Lab-
oratories, Downington, PA) against sheep and dog
gamma globulin and against dog complement, and
Fig. 1. Photomicrograph of two glomeruli showing polymorphonuclear leukocyte infiltration and swelling of endothelial and mesangial cells
and local increase in rnesangial matrix-like material (PA S. X290).
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Fig. 2. Electron micrograph of glomerular tuft (X3200). P polymorphonuclear leukocyte; En = endothelial cell; M = mesangial cell; BM
= basement membrane; EP = epithelial cell; F = fibrinogen; rbc = red blood cell. Several polymorphonuclear leukocytes are present.
On the left a P is in direct contact with the basement membrane having infiltrated beneath the endothelial cell. Fibrinogen s also
present and in some places lies between the endothelial cell and basement membrane.
examined by standard immunofluorescence techni-
ques. Epoxy resin (Epon) embedded tissues were
cut on an ultramicrotome and photographed using an
electron microscope (RCA Model EMU-3G, Cam-
den, NJ).
The micropuncture and clearance data were
analyzed statistically utilizing Student's t test for
paired samples comparing the mean value of the two
experimental phases in each animal.
Results
Histopathological study. All renal tissue specimens
were obtained between two and three hours after
injection of NTS. On light microscopy, the glomeruli
demonstrated a moderate increase in cellularity due
largely to infiltration of polymorphonuclear leu-
kocytes (Fig. 1). There was swelling of endothelial
and mesangial cell cytoplasm and deposition in the
mesangium of material with mesangial matrix-like
staining characteristics. These alterations were asso-
ciated with a decrease in patency of glomerular cap-
illary lumina. Hydropic swelling was present in
some of the tubule epithelial cells. The interstitial
structures appeared normal.
Electron micrographs of glomerular tufts con-
firmed the findings on light microscopy (Fig. 2). Poly-
morphonuclear cells were present in large numbers in
all glomeruli studied. Many had penetrated beneath
the endothelial cells and were in direct contact with
the basement membrane. Platelets, individually and
in clumps, were present in capillary lumina, and ag-
gregated fibrin was also present and occasionally de-
posited between endothelial cells and the basement
a
4a
ta
'tE
IrA
ar
a 
Acute effect of nephrotoxic serum 247
Fig. 3. Immunofluorescent staining of a glomerulus with anti-sheep
IgG showing a bright linear pattern (X340).
membrane. There was slight swelling or ballooning of
the endothelial and mesangial cytoplasm. The base-
ment membrane was usually of normal thickness
but frequently had a ragged appearance on the
endothelial side. A heavy-appearing, dark-staining
material was occasionally present in the mesangial
matrix. The epithelial foot processes were generally
normal.
Immunofluorescent staining of these specimens
showed a bright, linear pattern of sheep IgG along all
capillary ioops (Fig. 3). Only rarely was sheep lgG
detected on tubule basement membrane. Dog IgG
was also present in a bright, linear pattern along the
peripheral capillary loops. Since the dogs were not
presentized to sheep lgG, passive entrapment of this
immunoglobulin in the capillary wall is the most
likely explanation for this observation [22]. Dog
complement was present in an interrupted linear
and granular pattern along the capillary loops and
fibrinogen was occasionally detected in Bowman's
space.
Clearance data. Mean clearance data for each ex-
periment before and after NTS injection are summa-
rized in Table I. Mean arterial blood pressure did not
change significantly. Injection of NTS caused a dra-
matic reduction in urine flow rate within 15 mm
which was followed by a partial recovery and stabili-
zation in about an hour. Mean GFR fell by one-third
after NTS whereas renal plasma flow was reduced
slightly but not significantly. Consequently, mean fil-
tration fraction decreased from 28 to 21%. Both urine
flow and absolute sodium excretion were reduced by
about 60% while fractional excretion of water fell
from 7.8 to 4.5% and that of sodium from 4.5 to 2.5%,
respectively. Fractional excretion of potassium did
not change significantly. Plasma protein and albumin
concentrations, determined in two dogs, showed a
slight reduction after NTS injection, probably reflect-
ing further expansion of the extracellular volume in
Table 1. Clearance data before and after NTS injectiona
BP CIN CPAH FF V FEH UV FE UKV FEK
mm Hg mt/mm mi/mm mi/mm % tEq/mmn % Eq/min %
DogNo. CE C E CE C E C E C E C E C E C E C E
1 123 122 29.0 14.0 98 86 29.9 15.9 1.69 0.51 5.82 3.64 151 51 3.35 2.33 39.9 24.6 37.4 37.4
2 85 102 36.0 19.2 120 98 28.4 19.8 0.26 0.15 0.68 0.80 14 10 0.24 0.34 16.3 12.8 15.3 25.4
3 123 120 26.4 18.3 110 108 24.0 17.0 0.86 0.31 323 1.71 116 32 2.96 1.19 25.6 21.4 31.8 33.7
4 174 152 26.7 19.2 66 56 40.3 34.8 3.10 0.88 11.60 4.57 394 103 10.00 3.60 49.2 27.0 54.1 43.2
5 162 144 26.4 16.8 76 69 35.6 24.6 0.35 0.15 1.30 0.89 53 15 1.38 0.64 27.2 18.3 29.6 26.4
6 128 130 23.8 16.1 117 136 20.8 12.1 1.48 0.79 6.29 4.94 93 65 2.56 2.64 37.8 29.1 42.9 51.2
7 173 149 41.6 33.9 191 150 21.4 22.5 5.84 3.31 14.08 9.76 468 286 7.35 5.42 77.4 65.1 56.1 51.6
8 147 143 25.5 16.1 107 84 24.1 19.3 2.05 0.37 6.59 2.28 135 45 3.45 1.79 41.5 32.1 46.9 52.3
9 146 140 29.6 21.0 103 93 28.9 22.8 6.09 2.49 20.70 11.80 427 145 9.43 4.27 53.8 69.2 58.5 40.5
Mean 140 134 29.4 19.4k 110 98 28.1 210b 2.41 O.99 7.81 4.48e 205 84 4.52 2.47c 41.0 33.3 41.4 40.2
SEM 10 5 1.9 1.9 12 10 2.2 2.2 0.73 0.37 2.17 1.29 58 29 1.17 0.57 6.0 6.7 4.8 3.5
Abbreviations: BP = blood pressure; C1 = inulin clearance; CPAH = para-aminohippurate clearance; FF = filtration fraction; V = urine
flow; FE = fractional excretion; UV = absolute excretion rate; C = control phase; E = experimental phase.
p < 0.01.
P < 0.05.
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Table 2. Percent distribution of cortical blood flow to the four
zones measured by microsphere method
Zone La Zone 2 Zone 3 Zone 4
C E C E C E C E
Mean 31.0 32.9 24.7 25.2 24.9 22.9 19.5 18.9
SEM 1.4 3.3 0.7 2.2 1.7 1.7 1.3 4.0
aCortical zones are numbered from surface to corticomedullary
junction.
the second phase since the sustaining infusion of
Ringer's solution was continued despite a reduced
urine flow.
Mean results of the microsphere study in three
dogs are summarized in Table 2. Although the
number of animals studied was small, it is apparent
that there were no major changes in intrarenal
distribution of blood flow as determined by this tech-
nique.
Micropuncture data. Late proximal tubule fluid
samples were obtained in the nine dogs before and
after NTS injection and the mean data for each ex-
periment are shown in Table 3. Mean single nephron
GFR (SNGFR) was reduced by 27% whereas prox-
imal TF/P inulin did not change significantly. This
maintenance of glomerulotubular balance in the
proximal tubule is illustrated in Fig. 4 in which mean
TF/P inulin values for the two phases in each experi-
ment are plotted against each other. Since the major-
ity of points fell along the diagonal line of identity,
fractional fluid and sodium reabsorption in the prox-
imal tubule remained unchanged after NTS. In Fig.
5, the changes in SNGFR were compared with those
in total kidney GFR for all nine experiments. The
points were again scattered around the identity line
suggesting proportional changes in both indexes.
These findings, along with the microsphere data, in-
TF/PIN (control)
Fig. 4. The effect of NTS injection on proximal tubule fluid-to-
plasma mu/in ratios (TF/PJN). Each point represents the mean value
for each phase per experiment.
dicate a relatively uniform effect of NTS on both
GFR and renal blood flow in the superficial and deep
nephrons.
In view of the preservation of proximal glomer-
ulotubular balance and the marked reduction in
SNGFR, absolute sodium reabsorption by the prox-
imal tubule as well as absolute distal delivery of
sodium were proportionally reduced (Table 3). As-
suming a relative homogeneity in nephron function in
response to NTS, the fractional distal sodium reab-
sorption corrected for the reduced distal delivery was
calculated for each experiment. Figure 6 depicts a
plot of these values before and after NTS injection,
indicating a significant increase in fractional distal
Table 3. Micropuncture data before and after NTS injection
Dog
No.
N
(C/E)
SNGFR
ni/mm
C E
TF/P1
C E
P/TFIN
C E
PINE,
nEq/min
C E
DDNa
nEq/mmn
C E
1
2
3
4
5
6
7
8
9
Meanb
SEM
(8/4)
(4/4)
(8/4)
(7/7)
(8/2)
(8/3)
(7/6)
(7/7)
(8/8)
(7/5)
48.4 33.6
42.7 31.6
57.2 31.1
58.6 38.5
73.1 35.9
33.8 23.2
53.2 46.6
76.3 42.9
77.2 44.8
57.8 36.4c
5.1 2.5
1.47 1.65
1.63 1.57
1.41 1.37
1.37 1.31
1.55 1.57
1.24 1.26
1.45 1.46
l.6i 1.37
1.29 1.28
1.45 1.43
0.05 0.05
0.68 0.61
0.61 0.64
0.71 0.73
0.73 0.76
0.65 0.64
0.81 0.79
0.69 0.68
0.62 0.73
0.78 0.78
0.70 0.71
0.02 0.02
2.42 2.06
2.52 1.75
2.44 1.24
2.34 1.37
3.71 1.86
1.00 0.74
2.57 2.33
4.44 1.78
2.62 1.58
2.67 1.63c
0.32 0.16
5.13 3.22
3.93 3.11
5.97 3.36
6.33 4.33
6.89 3.30
4.27 2.79
5.73 4.94
7.24 4.82
9.27 5.59
6.09 394C
0.54 0.33
aAbbreviations. N = number of tubule fluid samples; C = control phase; E experimental phase; SNGFR = single nephron glomerular
filtration rate; TF = tubule fluid; P = plasma; IN = inulin; PTNa absolute proximal tubule reabsorption of sodium; DDNa = absolute
distal delivery of sodium.
bMean and SEM are based on the number of dogs.
P < 0.01.
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Fig. 5. Comparison of changes in single nephron (SN) vs. whole
kidney GFR. Points are scattered on both sides of the identity line.
sodium reabsorption after NTS. Since fractional so-
dium reabsorption in the proximal tubule remained
unchanged, it follows that the reduced fractional so-
dium excretion observed in the final urine was a result
of increased fractional reabsorption in the distal
nephron which is defined here as the nephron seg-
ments distal to the late proximal tubule micropunc-
ture site.
immediate reduction in urine flow which recovered
only partially within an hour. The renal histologic
sections taken approximately two hours after the in-
jection of NTS showed pathologic features similar,
though not necessarily equivalent, to acute pro-
liferative glomerulonephritis seen in patients. These
include infiltration by polymorphonuclear cells and
swelling of both endothelial and mesangial cells and
the mesangial matrix. The prompt reaction following
NTS injection made it feasible for us to study the
acute functional alternations within two hours of its
induction.
Associated with the observed histopathologic
changes, there was a significant reduction in both
SNGFR and whole kidney GFR. Since the fall in
superficial nephron GFR was roughly proportional
to whole kidney GFR, it appeared that the effect of
NTS was more or less similar on all nephrons. The
reduction in SNGFR was most likely due to a de-
crease in glomerular ultrafiltration coefficient (Kf),
presumably as a result of damage to the glomerular
basement membrane thereby causing a reduction in
the ultrafiltration area [11, 24]. This is borne out by
examining the formula SNGFR = K(PUF where PUF
denotes glomerular ultrafiltration pressure. Assum-
ing that PUF did not decrease following injection of
NTS, K must have been reduced to account for the
fall in SNGFR.
Although the various components of glomerular
ultrafiltration indexes were not measured in our
Discussion
Sodium transport by the diseased kidney has been
studied using clearance [2, 3, 6, 12] as well as mi-
cropuncture techniques [4, 5, 7-11]. In chronic
glomerulonephritic models, glomerulotubular bal-
ance in the proximal tubule is well-maintained [9, 10],
but the fractional excretion of sodium is increased
despite a decreased SNGFR. The altered renal han-
dling of salt in these models is thought to be due to a
functional adaptation to the reduction in nephron
population. Since sodium retention is characteristic
of acute glomerulonephritis, the pathophysiological
mechanisms in this setting should be different from
those in the chronic stage of this disease. Our present
micropuncture study was designed to elucidate some
of these mechanisms utilizing the experimental model
of acute glomerulonephritis induced by injection of
NTS.
The heterologous phase of nephrotoxic nephritis,
as evidenced by light and immunofluorescence micros-
copy, develops almost immediately following the in-jection of NTS [13, 141. In our study, there was an
—60
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Fig. 6. The effect of NTS injection on distal fractional reabsorption
(DFR) of sodium corrected for distal delivery. Each point represents
the mean value for each phase per experiment.
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study, Maddox et a! carried out these determinations
in the rat 5 to 16 days after injection of NTS [11].
They observed a marked fall in K which supports
our interpretation of the present study. However, no
change in SNGFR was reported in their model due to
an increase in mean transcapillary hydraulic pressure
difference (zP) offsetting the reduction in Kf. In
our study, since SNGFR was significantly reduced,
P must have either remained unchanged or in-
creased proportionally less than the change in K to
effect a fall in SNGFR. The reason for the higher
SNGFR values in their model is not very clear but
may be related to a milder degree as well as longer
duration of disease. The absence of changes in so-
dium transport in their model also attests to these
differences. In another series of micropuncture stud-
ies, we also demonstrated that SNGFR was signifi-
cantly reduced in the dogs four to five days following
injection of NTS [25].
In the present study, glomerulotubular balance in
the proximal tubule was maintained after NTS in-
jection in the face of a significant fall in SNGFR.
This indicates a reduction in both absolute proximal
tubule sodium reabsorption and absolute distal so-
dium delivery. The reduced absolute sodium reab-
sorption in the proximal tubule could be the result of
a fall in filtration fraction leading to relatively lower
plasma oncotic pressure in the peritubular capillaries,
diminishing fluid uptake and sodium reabsorption.
Although the single nephron ifitration fraction was
not measured in our study, it was most likely reduced
since the effect of NTS on SNGFR and intrarenal
blood flow appeared to be relatively uniform in all
nephrons. The reduction in filtration fraction, there-
fore, could be one of the mechanisms by which
glomerulotubular balance was maintained after NTS
injection.
Despite the maintenance of glomerulotubular bal-
ance in the proximal tubule, fractional excretion of
sodium in the urine decreased significantly. This ap-
peared to be the result of an increase in fractional
sodium reabsorption in the distal nephron secondary
to a proportionally greater reduction in distal deliv-
ery than in absolute distal reabsorption. It is not clear
from our study whether the increased fractional distal
sodium reabsorption developed solely on the basis of
reduced distal delivery or any additional factor was
involved in altering the balance between the distal
load and its absolute reabsorption. It has been shown
that reduced distal delivery of sodium as induced
by reduction in SNGFR leads to increased fractional
distal sodium reabsorption which is reflected in the
urine as a decrease in fractional sodium excretion
[26]. Regardless of the changes in fractional distal
sodium reabsorption, reduction in distal delivery ap-
pears to be an important factor responsible for de-
creased urinary sodium excretion in our model.
In the chronic stage of nephrotoxic glomerulo-
nephritis in the rat, the fractional sodium excretion
is increased despite a low SNGFR and well-pre-
served glomerulotubular balance in the proximal
tubule [9, 101. Our observation of reduced fractional
sodium excretion in the acute nephrotoxic gb-
merulonephritic model is in striking contrast to
the renal sodium handling by the chronic model in
which functional adaptation plays a major role in the
alteration of sodium transport [3]. It is tempting to
speculate, therefore, that in the chronic glomer-
ulonephritic model an additional factor develops
in response to chronic reduction in nephron pop-
ulation which inhibits distal sodium reabsorption re-
sulting in increased fractional sodium excretion. The
identity of such a factor remains to be elucidated.
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